This paper addresses several related questions. First, what impact does a given oil-price shock have on economic growth, and have those effects changed over time? How should monetary policy respond to oil-price shocks, now and in the future? How has the stock market-across countries and sectors-reacted to changes in oil prices? Does this response vary depending upon the direction or source of oil-price movements? Finally, do fundamentals explain the rapid rise in oil prices to more than $100 a barrel? We focus our analysis on the U.S. economy and financial markets, although our results are also applicable to the U.K. and broader European economies.
We find that the negative short-run impacts of oil-price shocks on U.S. economic growth since the early 1980s are similar to those in earlier decades. Indeed, oil-price shocks can still induce a U.S. recession, given the inherent lag between a change in monetary policy and its impact on real growth. However, the negative "second-round" real GDP effects of oil-price shocks witnessed during the 1970s have been notably absent over the past 25 years. Our empirical analysis attributes this phenomenon primarily to the more muted response of long-term inflation expectations and long-term interest rates to oil-price movements. This change enhances the present-day Federal Reserve Board's flexibility in addressing oil-price shocks that, in the past, presented a difficult policy trade-off with respect to stagflation.
Our simulations indicate that today it would be appropriate for the Federal Reserve to lower short-term interest rates in response to an oil-price shock, as long as long-term inflation expectations do not rise from their desired level. We provide rules-of-thumb for determining the proper change in the Federal funds rate for a given oil-price shock under alternative macroeconomic scenarios.
We find that global stock markets have responded fairly symmetrically and inversely to changes in oil prices since the 1970s, with a 10% increase in oil prices associated with a statistically significant 1.5% lower total return. However, when we decompose movements in oil prices, we find that the stock market's reaction to oil-price increases varies dramatically, depending on the source of the oil-price shock. Specifically, the stock market-particularly in the U.S. industrials and materials sectors-responds quite favorably to oil-price increases attributed to global-demand shocks. A key implication of these stock regressions is that oil-price increases do not uniformly lead to lower stock returns.
Interestingly, our oil-price decomposition suggests that the recent surge cannot be fully explained by oil-supply disruptions, global-demand fundamentals, or the decline in the value of the U.S. dollar.
Do higher oil prices matter?
Throughout the 1990s, crude oil prices in the United States averaged roughly $20 a barrel, with highs of $35 a barrel set during the 1990-1991 Persian Gulf War and lows of approximately $11 a barrel reached after the 1998 emerging-market crises. 2 Since that time, petroleum prices have skyrocketed to onceunimaginable levels. In early 2008, oil prices topped $110 a barrel, breaking the inflation-adjusted highs established in April 1980 (see Figure 1 ). As oil spot prices have risen, so too has the futures market's perception of oil's long-run or "fair" value.
In the past, dramatic oil-price increases have often been caused by oil-supply disruptions centered in the Middle East. Notable oil-supply shocks include the 1956 Suez Crisis, the 1973 Arab-Israel War, the beginning of the Iranian Revolution in 1978, the onset of the Iran-Iraq War in 1980, and the 1990 Persian Gulf War. Today, some analysts point out that the dramatic rise in oil prices from $20 a barrel in 2001 to more than $100 in 2008 is primarily the result of the world's first global-demand shock. Throughout Notes on risk: Investments are subject to market risk. Investments in bonds are subject to interest rate, inflation, and credit risk. Foreign investing involves additional risks including currency fluctuations and political uncertainty. Sector investments are subject to sector risks and nondiversification risks, which may result in performance fluctuations that are more extreme than fluctuations in the overall stock market.
this decade, the global economy has expanded robustly, and commodity demand has surged. As illustrated in Table 1 , the emerging-market economies of China and India have more than doubled their combined share of world oil consumption since 1990, and have accounted for more than one-third of consumption growth since 2000. 3 Many experts anticipate that China's demand for oil will double again in the next two decades.
In the past, sharp rises in oil prices have sparked higher inflation, as shown in Figure 1 . More recently, as oil prices rapidly surpassed $100 a barrel, some analysts have warned of a prolonged period of U.S. stagflation, with the economy's inflation and unemployment rates rising in tandem. Economists have long observed that oil-price shocks tend to precede U.S. recessions, as consumer discretionary spending declines and future investment plans are postponed. 4 To demonstrate the powerful effect that oil-price shocks can have on the business cycle, Figure 2 compares the year-over-year growth in actual U.S. real GDP with what it would have been under the counterfactual case of no oilprice increases.
According to this econometric exercise, the U.S. economy would have avoided five out of the past six recessions if oil prices had remained unchanged. 5 In this hypothetical world, the mild 1990 and 2001 recessions would not have been recessions at all, but rather periods of below-trend growth. 6 Figure 2 supports the work of Hamilton (1996 Hamilton ( , 2003 1969 1973 1977 1981 1985 1997 1993 2001 2005 2007 1989 NBER recessions Actual Counterfactual
Notes: Lines reflect year-over-year growth in real U.S. GDP. The counterfactual real U.S. GDP growth estimates are based on a linear regression model of annualized real GDP growth on its own four quarterly lags and four lags of oil-price shocks, as defined by Hamilton (2003) . Shaded areas correspond to actual U.S. recession dates, as defined by the NBER.
We address this question on a number of fronts. In Section II, we model the impact of a given oil-price shock on economic growth and inflation, and explain why oil's macroeconomic impact has changed over time. We then show how the Federal Reserve has reacted to past oil-price shocks, and demonstrate how it might react in the future. In Section III, we investigate whether supply-and-demand fundamentals fully explain the rapid rise in oil prices, and consider whether more speculative forces have been at work in driving up oil prices. Finally, we examine the reaction of the stock market-across countries and sectors-to changes in oil prices and discuss why the stock market's correlation with oil prices depends critically upon the source of oil-price movements.
Oil-price shocks and the U.S. economy
We quantify how oil prices affect the U.S. economy by estimating a small-scale vector autoregressive (VAR) econometric model. Our VAR model is estimated using quarterly data with two-quarter lags on four variables:
(1) annualized real GDP growth; (2) the annual inflation rate on the core Consumer Price Index (CPI), which excludes food and energy prices and is considered an effective measure of inflation expectations; 7 (3) the real federal funds rate, which is deflated by our core inflation series; and (4) a nonlinear measure of oilprice shocks.
Following Hamilton (1996) and others, our oil-price shock series is equal to the percentage change between the current WTI oil price and the maximum price over the past 12 months or zero, whichever is greater. 8 In this approach, each oil-price shock is modeled as a "deadweight loss" that affects the economy asymmetrically; that is, the effects of a given oil-price increase are greater than those of a similar-sized oil-price decrease. Our VAR model extends previous research by Bernanke et al. (1997) , Hooker (2002) , and Kilian (2006) .
We estimate the VAR model for two sample periods: 1959:1-1982:4 and 1983:1-2007: 4. We allow for potentially different oil-price impacts between the two sample periods, given the documented structural break in macroeconomic volatility and monetary-policy regimes before and after the early 1980s (McConnell and Perez-Quiros, 2000; Davis, 2007) . Figure 3 , on page 6, presents the estimated effect of a 10% oil-price shock on the subsequent ten quarters of real U.S. growth, inflation expectations, and the real federal funds rate. The lines in the figures measure the percentage point deviation of the macroeconomic series from its long-term average. 9
Oil-price shocks: Impact on U.S. growth Broadly, the oil-price shocks in Figure 3 produce the expected "stagflationary" effect of increasing inflation expectations while depressing real growth.
The immediate or "first-round" impacts of oil-price shocks on U.S. economic growth for the following four quarters are similarly negative between the two periods. During the 1970s and early 1980s, a 10% oil-price shock led to a cumulative 0.4% decline in real GDP growth after four quarters. 10 Over the 1983-2007 period, a 10% oil-price shock triggered a similar 0.4% cumulative drag on real GDP growth for the following year.
An important implication of these "first-round" effects is that a sufficiently large oil-price shock can still induce a U.S. recession, contrary to the suggestions made by Bernanke et al. (1997) . Indeed, the current dynamics of the U.S. economy imply that a 60% increase in the price of crude oil would be sufficient to cause a recession, even if the economy was growing at its long-run average of nearly 3% before the oil-price shock. 11
Vanguard Investment Counseling & Research > 5 7 The VAR model estimates are similar under alternative inflation expectation measures, such as those derived from a survey of economists by the Federal Reserve Bank of Philadelphia.
8 Our empirical results are robust to alternative oil-price shock measures. See also Kilian (2007) .
9 The impacts of a larger oil-price shock (e.g., a 100% shock that would double oil prices) can be gauged by simply multiplying the lines in the figure (e.g., by 10).
10 The cumulative impact on real GDP growth is simply the average estimated impulse response of annualized real GDP growth for the first four quarters. For the 1959-1982 sample, the VAR impulse response to a 10% oil shock in Figure 3 is -0.55% for the first quarter, -0.52% for the second quarter, -0.24% for the third quarter, and -0.22% for the fourth quarter, for an average impact on annualized real GDP growth of -0.38% (-0.4% rounded).
Figure 3 also reveals that oil-price shocks in the 1983-2007 period were shorter lived. Indeed, the observant reader will note that the negative "secondround" effects of oil-price shocks on real GDP growth witnessed during the 1960s and 1970s are notably absent over the 1983-2007 sample. This is striking, considering that the average response of the real federal funds rate is statistically zero between 1983 and today, compared with a reduction in real interest rates from an "accommodative Fed" between 1959 and 1982.
Oil-price shocks: Impact on inflation expectations The disappearance of negative "second-round" real GDP effects can be linked to the more muted response of inflation expectations to oil-price shocks over the past 25 years. Higher energy prices translate into higher headline inflation because of the CPI's weighting to gasoline and other energy products. Yet a 10% oil-price shock does not have a statistically significant impact on core inflation or other measures of inflation expectations, which Davis (2007) has shown to be the dominant driver of longer-term inflation trends over the past 25 years. 12 Quarters after shock Note: Lines represent the impulse-response functions computed from a Cholesky decomposition of the quarterly VAR model. Impulse-response functions correspond to a 10% oil-price shock, or an increase of 10% in WTI crude oil prices over its trailing 1-year maximum price.
Our VAR model results are consistent with previous macroeconomic research that found that inflation expectations have become less responsive to commodity prices since the early 1980s (Hooker, 2002) . For instance, Figure 4 illustrates that the "pass-through" or "beta" from price changes for gasoline and other energy products to U.S. core inflation has declined considerably over time, even though the magnitude of oil-price fluctuations has not. Figure 4 implies that the average response of core inflation to energy-price shocks declined an astounding 94% in the period between the 1970s and the ten years ended December 31, 2006.
In essence, inflation expectations have become much more stable in the face of oil-price shocks. Consequently, long-term interest rates and other borrowing costs that can heavily influence business investment and consumer spending also remain anchored.
The close-to-zero correlation between higher oil prices and long-term inflation expectations is clearly evident in the U.S. Treasury Inflation-Protected Securities (TIPS) market. A good real-time measure of the U.S. bond market's long-run inflation expectations is the TIPS five-year breakeven inflation rate, expected five years forward, commonly known as the 5-year 5-year-forward breakeven inflation rate. While oil prices since 1997 have risen five-fold, the survey's consensus expectation for the average tenyear CPI inflation rate has remained well-anchored at 2.5%.
Oil-price shocks and the Federal Reserve
We attribute the improved anchoring of inflation expectations in the face of higher oil prices primarily to more credible and effective monetary policy. 14 The Federal Reserve has been instrumental in helping to alter U.S. inflation dynamics by setting short-term interest rates more appropriately-i.e., at a level more likely to neutralize inflationary oil-price shocks and hence their negative second-round growth effects.
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14 See also Davis (2007) and citations therein. In the pre-1983 period, the Fed's response to an oil-price shock was too accommodative, as indicated by the considerable gap between the actual and optimal paths for the federal funds rate during that period. Figure 6 illustrates that the Fed emphasized managing real GDP growth over inflation expectations. As a result, the Federal funds rate was simply too low before the early 1980s to preserve low and stable inflation expectations in the wake of an oil-price shock. The consequences of those policy decisionsnamely, stagflation-were unfortunate. Note: Lines for nominal federal funds rate represent the sum of the impulse-response functions for inflation and the real federal funds rate, as computed from a Cholesky decomposition of the quarterly VAR model. The optimal Taylor rule response (ffr t opt ) for each period is derived from a forward-looking Taylor rule suggested by Taylor (1999) and calibrated to the growth and inflation impulse responses, such that: ffr t opt = ffr* + 1.5* (E t π t+4 -π*) + 0.5*(Y t -Y*).
By contrast, the Fed since the early 1980s has not deviated significantly from the Taylor rule in the face of an oil-price shock. 16 Given oil's estimated macroeconomic impacts, the central tendency has been for the nominal federal funds rate to remain unchanged, on average.
How should the Fed respond to future oil-price shocks? Oil-price shocks can present a significant challenge for monetary policy. Going forward, how should the Federal Reserve respond if oil prices rise further, say from $120 to $150 a barrel? Should the Fed cut rates to prevent a recession, at the risk of higher inflation? Or should the Fed leave rates unchanged and perhaps facilitate a more significant downturn? Table 2 calculates the appropriate change in the federal funds rate for a 25% oil-price shock under three alternative and hypothetical scenarios for inflation expectations. As is evident in Table 2 , the "optimal" policy response to an oil-price shock depends critically on how inflation expectations respond to the energy news, all else being equal.
Our statistical analysis indicates that the appropriate Federal Reserve response to an oil-price shock will be to lower short-term interest rates, so long as long-term inflation expectations do not rise from their desired level. If future inflation expectations remain "anchored, " as they were during the 1983-2007 period (Case A), then a Taylor-based rule would suggest that the Fed should quickly cut short-term interest rates. Should long-term inflation expectations not move at all in response to higher energy prices (Case C), then the Fed could be more aggressive in easing the federal funds rate. Of course, should inflation expectations rise in response to higher energy prices, as they did in the 1970s (Case B), then the appropriate Federal Reserve response would be to raise the federal funds rate markedly above its initial level.
Overall, Table 2 underscores the fact that the present-day Federal Reserve has greater flexibility in addressing oil-price shocks that, in the past, presented a difficult policy trade-off with respect to stagflation. However, this flexibility is conditional on the Federal Reserve maintaining its credibility in fighting inflation.
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16 For the 1983-2007 sample in Figure 6 , the gap between the actual and optimal federal funds rate paths is not statistically different from zero. 
What explains the recent surge in oil prices?
The price of crude oil is determined in global markets and typically quoted in U.S. dollars. Broadly speaking, changes in oil prices reflect a combination of five forces:
• Oil-supply shocks, which reflect the current physical availability of crude oil.
• Global-demand shocks, which reflect the global business cycle.
• Relative U.S. demand shocks, which are indicated by changes in the value of the U.S. dollar relative to other major currencies.
• Precautionary demand shocks, which arise from the desire to hedge uncertainty about future oil supplies.
• Speculative shocks, which influence oil futures prices and, through arbitrage, spot prices.
Kilian (2007) and others argue that the sharp rise in energy prices in the 1970s and early 1980s was the result of not only a marked drop in current oil production (an oil-supply shock), but also a higher "security premium" concerning future oil supplies (a precautionary demand shock). 17 The recent surge in the investment demand for oil and other commodities could represent a precautionary demand shock, a speculative shock, or both.
Today, an important question among market participants is whether $100-per-barrel oil reflects genuine supply and global-demand fundamentals, or some type of speculative overvaluation. The former would suggest that $100 oil may persist, while the latter would indicate that the "fair value" of oil is much lower.
We attempt to explain the recent rise in energy prices by extending the structural VAR model of crude oil prices developed by Kilian (2007) . By imposing certain identifying restrictions, this structural VAR model allows us to attribute changes in oil prices over time to four interrelated variables. Based on data availability, we estimate a quarterly structural VAR model beginning in 1995. Further details on the model can be found in the Appendix. We stress that the decomposition of oil-price changes into various sources is one of correlation; we cannot prove causality. (1) oil supply, (2) global demand, (3) the value of the U.S. dollar, and (4) investment demand, which could reflect precautionary demand, speculation, or some percentage of both.
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17 Precautionary demand shocks can reflect the "convenience yield" from having excess inventory holdings of oil that can serve as a "hedge" against some future change in oil supply, oil demand, or both. Further analysis reveals that neither oil-supply shocks nor global demand shocks have contributed significantly to oil prices since early 2007. Rather, oil's rapid rise since early 2007 from approximately $60 to more than $100 a barrel can be explained nearly entirely-and equally-by two sources: the decline in the value of the U.S. dollar, and the surge in investment demand. If the value of the U.S. dollar had not declined significantly over this period, crude oil prices would be closer to $90 per barrel, a level that some energy analysts consider oil's long-run "fair value, " given current estimates of the marginal cost of producing a barrel of oil.
Is $100-per-barrel oil justified? If oil's recent surge beyond $90 a barrel cannot be adequately explained by oil-supply disruptions, global demand fundamentals, or the decline in the value of the U.S. dollar, then is $100-per-barrel oil simply the result of a speculative bubble? The answer to that question depends critically on whether the "premium" derived from our model reflects precautionary demand or speculation. The distinction is important with respect to reasonable expectations of future oil prices.
Precautionary demand motives could reflect a genuine desire to hedge against future oil-supply uncertainty arising from either geopolitical concerns or from fears of an imminent and permanent shortage in world oil production (also known as "peak oil theory"). Speculative motives, on the other hand, would suggest that the recent upward momentum in oil prices should eventually reverse.
Unfortunately, available information is inconclusive as to whether our derived "premium" reflects precautionary demand or speculation. Energy market indicators-such as elevated oil and gasoline inventories-are not helpful, since they could support either view. Data on the net long positions of commercial (e.g., hedgers) and noncommercial (e.g., speculators) traders of crude oil futures contracts do show a moderate rise in the proportion of trading activity that can be considered "speculative, " although analysis by the International Monetary Fund (2006) finds that such activity accounts for only a small percentage of oil-price movements. That data is also difficult to interpret, since it's debatable how commodity index traders should be classified. While commodity index traders are typically classified as commercial hedgers (since their goal is to replicate an index return) the increased interest among investors in commodity futures as an asset class and inflation hedge could be speculative.
Our intuition tells us that the derived "premium" of $100-per-barrel oil above its estimated "fair value" likely reflects more speculation than precautionary demand. And even if one assigns this entire premium to precautionary demand motives, future oil prices could decline markedly if investor interest in commodities as an asset class wanes, the U.S. dollar appreciates, or the concerns over "peak oil" prove too pessimistic. (See our brief discussion of peak oil theory.)
Oil and the stock market
We examine how the stock market-across countries and sectors-has reacted historically to changes in oil prices by running simple regressions of monthly stock market total returns on changes in oil prices over the sample period of January 1972 through February 2008. The regressions allow for an asymmetric stock market response to oil-price increases and decreases, as well as for asymmetric responses to alternative types of oil-price increases. Table 3 summarizes the stock market regressions. It should be stressed that oil-price fluctuations account for only a small percentage of the monthly volatility in stock prices; the R 2 on the S&P 500 return regression is 5%.
The first two columns in Table 3 indicate that the broad domestic and international stock markets have varied inversely-and somewhat symmetrically-to changes in oil prices. Since the early 1970s, a 10% decline in oil prices has been associated with a statistically significant 1.5% higher monthly total return compared to long-term averages. Conversely, a 10% increase in oil prices has been associated historically with a 1.1% lower monthly total return. The regression coefficients indicate that a doubling of oil prices would be associated with significant stock market declines, as the global stock market would be expected to post returns 18 percentage points below its historical averages. However, further analysis confirms that the relationship between oil prices and the stock market is not quite that simple. Table 3 confirms our intuition that the equity markets respond very differently to supply-driven and demand-driven oil-price increases. Oil-supply shocks have strong negative effects on domestic and international stocks. Even the total returns on stocks in the domestic energy sector are not significantly boosted by oil-supply shocks, although their average excess returns to the broader U.S. equity market are positive when oil prices increase. Table 3 also shows that the stock market response to oil-price increases attributed to relative U.S. demand shocks and precautionary demand/ "speculation" shocks is mixed and not statistically different from zero.
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On the theory of peak oil
Following the "peak oil theory" of Hubbert (1956) , authors such as Deffeyes (2001) predict an imminent and permanent decline in world oil production that will be followed by cataclysmic oil shortages and dramatic further increases in oil prices.
Other well-respected authorities on energy prices discount this theory. The Energy Information Agency (EIA), for instance, stipulates in a 2004 report that world oil production will not peak until sometime around 2040. More pointedly, Crum (2008) concludes that an impending world oil
shortage is "a near zero probability event. " By estimating a general equilibrium model of oil prices that explicitly incorporates the endogenous response that higher oil prices can have on oil exploration and discovery, Crum predicts that real oil prices will fall significantly from their current highs and then gradually increase before leveling off in the long run at a real price of close to $85 per barrel in constant dollars. Crum's baseline oil production forecast is comparable to the findings of the EIA (2004), although Crum projects that world energy production will remain essentially at its peak 2045 level for nearly two decades. Past performance is not a guarantee of future results. The performance of an index is not an exact representation of any particular investment, as you cannot invest directly in an index.
Most notably, domestic and international stocksin particular the energy, industrials, and materials sectors-respond quite favorably to oil-price increases attributed to global-demand shocks. This is not surprising, because the earnings of the companies in these sectors depend critically on the global business cycle; their profit margins may even expand with a global economic boom, despite cost pressures arising from higher energy prices. These results also help to explain why the stock market performed well through 2006 and the first half of 2007 as oil prices headed higher.
A key implication of these regressions is that oil-price increases do not uniformly lead to lower stock returns. Indeed, 
Conclusion
This paper has quantified the time-varying effects of oil-price shocks on the U.S. economy, Federal Reserve policy, and global equity markets. Our analysis showed that while the "first-round" impact of oil-price shocks on U.S. economic growth has not changed materially over time, their formerly negative "second-round" effects have been notably absent over the past 25 years, as illustrated by oil's nearzero impact on long-term inflation expectations.
Since oil-price shocks now represent a lessstagflationary policy trade-off, we concluded that the Federal Reserve should lower short-term interest rates in response to an oil-price shock under certain (but not all) macroeconomic scenarios.
For domestic and international stocks, our simple regressions revealed the anticipated inverse relationship, with a 10% increase in oil prices associated with a statistically significant 1.5% lower total return. However, we have also shown that the stock market's reaction varies dramatically, depending on the source of the oil-price shock, and that global stocks-particularly in the industrials and materials sectors-respond quite favorably to oil-price increases attributed to global-demand shocks. A key implication is that oil-price increases do not uniformly lead to lower stock returns.
Interestingly, our oil-price decomposition suggests that oil's recent surge beyond $90 per barrel cannot be explained by supply disruptions, global demand fundamentals, or the depreciation of the U.S. dollar.
A structural VAR decomposition of oil-price shocks By imposing certain identifying restrictions, a structural VAR model allows us to attribute changes in oil prices over time to several interrelated variables. Our structural VAR model is estimated with four lags using quarterly data between 1995Q2 and 2007Q4. The model includes five variables, all expressed in logarithmic first differences:
• WTI crude spot oil prices.
• World oil production.
• Baltic Exchange Dry Index, which measures world commodity demand and thus captures global-demand shocks.
• Broad U.S. dollar trade-weighted index, which captures relative U.S.-demand shocks.
• Total open interest in crude oil futures on the NYSE, which captures effective investment interest.
To parse out the relative impact that these fundamentals have on crude oil prices, we impose the following three assumptions regarding world oil markets in our structural VAR. First, as in Kilian (2006) , we stipulate that unanticipated shocks to oil production are solely supply-driven and not a function of past oil prices or demand conditions. Since we estimate our model at a quarterly frequency, it seems reasonable that oil producers could not respond to higher oil prices by ramping up production on such short notice, even if they wanted to. Second, we assume that unanticipated changes in global demand in a given quarter are not caused by unexpected oil-price changes in the same quarter. It seems reasonable to assume that oil's impact on global demand operates with at least a one-quarter lag. We also assume that the unexpected movements in the dollar are not caused simultaneously by oil-price changes, at least at a quarterly frequency. Finally, we assume that investor demand for oil derivative contracts is not caused by within-quarter surprises in oil prices that are not already explained by the other fundamental factors.
Given these assumptions, the following matrix maps the unexpected shocks of the VAR model (or residuals ε) to their structural sources ν, such that:
In estimating the structural VAR, the resulting matrix enables us to empirically identify the sources of oilprice movements in a "cascade" manner, such that:
• Oil-supply source = unexpected oil production changes (ν oil_supply = ε production ).
• Global-demand source = unexpected globaldemand changes -oil-supply sources (ν oil_demand = ε g.demand -a 21 ϫ ν oil_supply )
• Relative U.S.-demand source = unexpected dollar depreciation -oil-demand sourceoil-supply source (ν dollar = ε dollar -a 31 ϫ ν oil_supply -a 32 ϫ ν oil_demand )
• Precautionary demand/"speculation" source = unexpected changes in open interestoil dollar-demand source -oil-demand sourceoil-supply source (ν speculation = ε open_int -a 41 ϫ ν oil_supply -a 42 ϫ ν oil_demand -a 43 ϫ ν dollar )
Note, then, that the residual to the structural VAR model produces:
• Other unexplained sources = unexpected oil-price changes -speculation/precautionary demand -dollar source -oil-demand sourceoil-supply source (ν other = ε oil_price -a 51 ϫ ν oil_supply -a 52 ϫ ν oil_demand -a 53 ϫ ν dollar -a 54 ϫ ν speculation ) Figure 7 plots the variance decomposition of quarterly oil-price changes, where the average oil-price volatility is attributed to each of the four structural shocks: ν speculation , ν oil_supply , ν oil_demand , and ν dollar . Taken together, the structural shocks to these four factors account for close to 38% of the total oil-price volatility observed during the sample period. 
